Comparison of Acute Toxicity of Algal Metabolites Using Bioluminescence Inhibition Assay by Jeswani, Hansa
NIRMA UNIVERISTY JOURNAL OF ENGINEERING AND TECHNOLOGY VOL. 3, N0. 1, JULY-DEC 2014 25
Comparison of Acute Toxicity of Algal Metabolites
Using Bioluminescence Inhibition Assay
Hansa Jeswani and Suparna Mukherji
Abstract—Microalgae are reported to degrade hazardous
compounds. However, algae, especially cyanobacteria are
known to produce secondary metabolites which may be toxic
to flora, fauna and human beings. The aim of this study
was selection of an appropriate algal culture for biological
treatment of biomass gasification wastewater based on acute
toxicity considerations. The three algae that were selected were
Spirulina sp., Scenedesmus abundans and a fresh water algal
consortium. Acute toxicity of the metabolites produced by
these algal cultures was tested at the end of log phase using
the standard bioluminescence inhibition assay based on Vibrio
fischeri NRRLB 11174. Scenedesmus abundans and a fresh
water algal consortium dominated by cyanobacteria such as
Phormidium, Chroococcus and Oscillatoria did not release much
toxic metabolites at the end of log phase and caused only about
20% inhibition in bioluminescence. In comparison, Spirulina
sp. released toxic metabolites and caused 50% bioluminescence
inhibition at 3/5 times dilution of the culture supernatant(EC50).
Keywords: Cyanobacteria; secondary metabolites, Spirulina sp.,
Scenedesmus abundans, fresh water algal consortia, Vibrio fischeri
I. INTRODUCTION
M ICROALGAE have a potential to remove nutrients,organic contaminants, heavy metals, and pathogens
from domestic wastewater and can provide raw materials
for the production of high-value chemicals (algae metabo-
lites).Microalgae have also been explored for biofuel and
biogas production. They are reported to play an important
role in tertiary treatment of domestic wastewater and in the
treatment of small and middle-scale municipal wastewater in
facultative or aerobic ponds [1]. Microalgae can also biode-
grade hazardous organic pollutants. Algal cultures, such as,
Chlorella, Ankistrodesmus or Scenedesmus have been success-
fully used for the treatment of olive oil mill wastewater and
paper industry wastewater [2] [3]. P-nitrophenol removal of 50
mgl−1d−1 by a consortium of Chlorella vulgaris and Chlorella
pyrenoidosa [4]. Synergistic relationship between algae and
bacteria has also been used for degrading polynuclear aromatic
hydrocarbons and phenol [5] and aliphatic hydrocarbons [6].
Hence, there is a good potential for using microalgae or
algal-bacterial system for treatment of biomass gasification
wastewater which is known to contain phenolics, PAHs and
heterocyclics [7]. Proper selection of microalgal strains is
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required for wastewater treatment applications since many
of them produce secondary metabolites which are reported
to be toxic. Discharge of these effluents into surface water
bodies may harm organisms in the aquatic ecosystem. Sec-
ondary metabolites are those compounds that are not used by
the organism for its primary metabolism, i.e. cell division.
They include compounds that act as hormones, antibiotics,
allelochemicals and toxins [8]. Toxins have a harmful ef-
fect on other cells, tissues and organisms. Algae, especially
cyanobacteria (blue-green algae) are reported to produce toxins
as secondary metabolites [8] [9]. Such cyanobacterial toxins
include hepatotoxins (cyclic peptides such as microcystins) and
neurotoxins [10]. Microcystin is known to produce toxic effects
on bacteria and also on human beings [8]. Toxins produced
by cyanobacteria are grouped into two main categories based
on the type of bioassay used to screen for their activity.
Cytotoxins are identified based on bioassays that rely on
cultured mammalian cell lines while biotoxins are identified
based on bioassays that rely on small animals (mice or aquatic
invertebrates). Many blue green algae such as Anaebaena,
Microcystis and Planktothrix have been reported to produce
toxins [11].The present study aims to explore the toxicity of
secondary metabolites generated by algal cultures. Toxicity is
determined based on bioluminescence inhibition assay with
Vibrio fischeri NRRLB 11174. The results would facilitate
choice of algal culture for use in biological treatment of
biomass gasification wastewater.
II. EXPERIMENTAL
A. Chemicals
All the chemicals used for preparation of nutrient media
were purchased from Merck India Ltd. and were of analytical
grade. Bovine albumin serum, HEPES and L Histidine used in
toxicity testing were obtained from Sigma Aldrich, India.
B. Algal Cultures
Three algae cultures, i.e., Scenedesmus abundans, Spirulina
sp. and a freshwater consortia (consisting of both cyanobacteria
and green algae) obtained from the surface of rocks in and
around Powai lake (IIT Bombay, Mumbai) were used in
this study. The fresh water algal culture was reported to
form a good biofilm on the discs of a rotating biological
contactor and could facilitate the degradation of diesel [6].
These cultures were maintained in the laboratory for several
years. Scenedesmus abundans, a freshwater green algae, and
Spirulina sp., a blue-green algae/cyanobacteria were obtained
from National collection of industrial microorganisms(NCIM),
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NCL, Pune. The cultures were obtained from the culture bank
as slants which were subsequently subculture in liquid media.
C. Nutrient Media Composition
The nutrient media composition for both the cultures i.e.
Spirulina and Scenedesmus abundans was provided by NCIM,
Pune. The nutrient media used for subculturing Scenedesmus
abundans and Spirulina sp. were Fogs medium and Spirulina
medium [12] respectively. A fresh water algal consortium was
grown on an algal bacterial medium developed by Chavan and
Mukherji [6].
D. Growth of algal cultures
Growth of the algal cultures was measured by chlorophyll-
a estimation (Becker, 1994; APHA, 2005).The algal cultures
had a tendency to form clumps as they were multicellular.
Hence, prior to inoculation, the clumps were disintegrated
by vortexing the algal cultures contained in 35 ml screw
capped tubes in the presence of glass beads. A suitable
algal media was autoclaved (20 min at 1200C and 15 lbs).
The medium (5 ml) was poured into test tubes, a uniformly
suspended algal culture (500 µL)was inoculated in each of
these tubes and then the tubes were incubated at 30 ± 50 C.The
illumination provided for the various cultures were as follows:
3000+500 lux, 4000+500 lux and 1500+200 lux for Spirulina,
Scenedesmus and fresh water algae (measured using luxmeter,
Lutron LX-101, Mumbai). For all cultures, L: D cycle of 18:6
hrs was used. Compact fluorescent lamps (CFL) were used for
Spirulina and incandescent bulbs for Scenedesmus and fresh
water algal consortia. The specific illumination provided was
based on optimum light requirements for the cultures [1] [6].
E. Toxicity Testing
The bioluminescence inhibition assay based on Vibrio ficsh-
eri (NRRLB 11174) is widely used for testing acute toxicity.
The bacterial reagent was first prepared using an overnight
grown culture of V. fischeri [13] and stored in amber colored
vials at -200C. While using the reagent in the toxicity as-
say it was first reconstituted using reconstitution media. For
reconstitution, 10 ml of reconstituting media was added to
1 ml of V. fischeri reagent. After mixing, the vial was kept
at 4 C for 1 hr and then stabilised at 15C for another 1 hr
along with the diluted samples before conducting the toxicity
assay. The composition of reconstitution and protective media
are given in the Table I and Table II, respectively. Spirulina
sp., Scenedesmus abundans and fresh water algae were grown
in culture flasks and at the end of log growth phase the
entire contents were centrifuged at 10,000 rpm for 10 min
and toxicity of the supernatant was determined. Subsequently,
different dilutions of supernatant (metabolites) were prepared
in 2% NaCl solution and the bioluminescence was measured
using the standard static assay mode. Equal volumes (1000
µ) the reconstituted bacterial reagent and the sample in 2
% NaCl solution was used in the assay. The control for the
experiment was 2% NaCl solution and exposure time was
30 mins. Gate time (tg) and measurement time (tm) of the
luminometer (Berthold Sirius, Germany) as set at 0 and 2 secs,
respectively, and background relative luminescence unit (RLU)
was 1. Percent inhibition (%INH) calculated according to
International Standards (ISO 11348-3) as depicted in equation
1, 2 and 3. The EC50 value was determined graphically by
plotting percentage inhibition on the y-axis and dilution on
the x-axis.
CF =
IC30
IC0
(1)
ICt = IT0 × CF (2)
%INH =
ICt − IT30
ICt
× 100 (3)
CF= Correction factor.
IC30=intensity (RLUs) of control after contact time of 30 mins .
IC0=Initial luminous intensity (RLUs) of control at t=0 min.
IT0=Initial luminous intensity (RLUs) of test sample at t=0 min.
IT30=Luminous intensity (RLUs) of test sample after contact time, t=30
mins.
ICt=Corrected value of IT0.
TABLE I. COMPOSITION OF PROTECTIVE MEDIA
Composition Concentration (g/L)
Dextrose 8.0
NaCl 20.0
MgCl.6H2O 2.035
KCL 0.3
HEPES 11.9
TABLE II. COMPOSITION OF PROTECTIVE MEDIA
Composition Concentration (g/L)
Dextrose 66.0
NaCl 4.0
L-Histidine 2.0
Bovine Serum Albumin 0.5
III. RESULT AND DISCUSSION
The growth of the three algal cultures is depicted in
Figure 1. It is observed that the fastest growing culture is
Spirulina sp. followed by Scenedesmus abundans and fresh
water algal consortia. Moreover the amount of chlorophyll-a
observed in Spirulina sp. was higher than for the other two
algae. The growth curve depicted that end of log phase for
Spirulina sp. was achieved after 14 days; however the end of
log phase for Scenedesmus abundans and fresh water algal
consortia was observed after 20 days. Spirulina looked to be
an appropriate option for biological treatment of wastewater
based on its rapid growth. Toxicity of the metabolites
produced by the algal cultures at the end of log phase was
measured for various dilutions of the culture supernatant using
the standard bioluminescence inhibition assay. It was observed
that the toxicity of metabolites produced by Spirulina sp.
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Fig. 1. The growth of the three algal cultures
Fig. 2. Toxicity of Algal Metabolites Based on Bioluminescence Inhibition
Assay
at the end of log phase was highest among the three algal
cultures Figure 2.
IV. CONCLUSION
Three different algal cultures, i.e., Spirulina sp.,
Scenedesmus abundans and fresh water algal consortia
were grown up to the end of log phase and the toxicity of
secondary metabolites secreted by them was evaluated using
the standard bioluminescence inhibition assay. The rapidly
growing Spirulina sp. produced toxic metabolites at the end
of log phase. EC50 for the supernatant containing secondary
metabolites was 3/5 for Spirulina sp. metabolites whereas
Scenedesmus abundans and the fresh water algal consortia
did not produce much toxic metabolites.
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